###### Strengths and limitations of this study

-   The intermediate variables will be assessed to measure the behaviour changes that occurs along the theory of change. The study will be able to evaluate the various mediator variables that are expected to contribute to the final objective.

-   A process evaluation with qualitative assessments will be used to identify issues of implementation and inform the implementation plan for scalability.

-   The mHealth tool and the monitoring and evaluation strategy provides a surveillance mechanism that will allow for continuous feedback on the use of the intervention tool and health status of the study group.

-   Child development will be assessed through a parent reported survey which provides the potential for the parent to give inaccurate responses due to a social desirability bias. However, the instrument that was chosen for the assessment, the Caregiver-Reported Early Development Instrument, has shown to have a high correlation to results obtained from surveys that administer direct observation of the child.

-   The secondary outcomes that measure changes of the CHAs will be underpowered due to limitations in the sample size of CHAs.

Background {#s1}
==========

In low-income and middle-low income countries, millions of children under the age of 5 never reach their cognitive, linguistic and socioemotional potential.[@R1] Chronic malnutrition, anaemia and iodine deficiency delay the physical and cognitive development of children, reduce their level of energy and weaken their immune system. Child development can also be delayed by low levels of early childhood stimulation.[@R1] In the Peruvian Amazon, there is a high prevalence of various risk factors associated with developmental delay, especially in rural areas. A study conducted in 2017 showed that the prevalence of developmental delay in the Amazon of Peru was 26.7%.[@R4] In the Amazonian department of Loreto, the prevalence of childhood anaemia is 49.9% and chronic malnutrition is 23.6% (2017).[@R5] Those indicators are worse in indigenous communities.[@R6]

The well-being of children in communities can be greatly increased by improving families' understanding of healthy child-rearing practices. Health-promotion strategies that establish an intercultural dialogue with families can do a better job at promoting healthy practices than promotion through the health centres.[@R10] A programme can train and support community members to conduct health promotion that can create behaviour changes and improve child development outcomes. Community health agents (CHAs) can play an essential role in reducing inequalities in health services by acting as a link between communities and the local health services.[@R11] The CHA can establish a warm relationship with the caregiver, thus increasing the acceptance of health advice, improving the absorption of knowledge and getting caregivers involved in the identification and resolution of their own health problems.[@R14] The positive impact of CHAs has been associated with a reduction in malnutrition, anaemia, malaria, cases of diarrhoea, improved child development and other health indicators.[@R11] Therefore, understanding and improving the performance of CHAs can greatly improve behavioural outcomes of caregivers, increase the utilisation of local health services and enhance the overall health and well-being of communities.[@R14]

Several studies have shown that mobile information and communication technology (ICT) can improve the performance of CHAs in their ability to perform health promotion, collect and report timely information regarding family health, provide health services such as vaccines and refer families to appropriate local health services.[@R32] Additionally, when a mobile ICT tool is used by a CHA, the device can increase the confidence the caregivers have in the messages being transmitted and increase the confidence the CHAs have in their own work.[@R32] Through implementation science, innovations in mobile ICTs and strategies for child health and development can be extended to low resource settings to empower local actors and spread the benefits of advancements in technology.[@R35]

A study on the performance of CHAs in the Peruvian Amazon identified difficulties they faced in their work. They had difficulty providing a clear explanation of the causes of common diseases and diversifying the health topics that were discussed.[@R29] As described above, an mHealth tool could help the CHAs overcome some of the difficulties they have in conducting an effective home visit. However, there is currently little evidence on the impact of an mHealth tool when used as an educational device by CHAs to improve child development.[@R33] Additionally, there is a knowledge gap on the impact that an mHealth tool can have when utilised by CHAs in rural regions of Peru. Therefore, the present study aims to demonstrate the impact of an mHealth tool used for health promotion and surveillance by CHAs to improve child development in the Peruvian Amazon.

Hypothesis {#s2}
==========

The study hypothesises that an mHealth tool with educational content developed for the local context will improve the capacity of the CHAs to transmit health messages to the caretakers, thus creating behaviour change that will lead to better health and child development outcomes for the children. The hypothesis is based on a theory of change that tracks the mediating variables and considers the potential outputs and outcomes generated by the intervention.[@R42] The theory of change displayed in [figure 1](#F1){ref-type="fig"} highlights the various components that are included in the tablet-based application and unfolds the expected outcomes of each. The theory of change is presented as a comparison to the status-quo; traditional CHA programme in Peru that use paper-based reporting and educational material.

![Theory of change. CHA, community health agent.](bmjopen-2018-028361f01){#F1}

Based on the theory of change, the study has the following hypotheses:

H1: The mHealth tool will improve the performance of CHAs during their home visits with children, as measured by doses, content and interpersonal relationships.

H2: Improved performance by CHAs will increase knowledge acquisition and healthy child-rearing practices by caregivers.

H3: Improved knowledge and healthy practices by caregivers will improve the health and development of the children that receive the intervention.

Objectives {#s3}
==========

Main aim {#s3-1}
--------

The objective of the study is to evaluate the impact of the mHealth tool (tablet with application) on child development and nutrition status of children aged 6 to 36 months compared with children who receive home visits from CHA without the mHealth tool.

Primary outcomes {#s3-2}
----------------

1.  *(Primary Objective* *)* Improve child development scores for the children in the intervention group in the domains of language, cognition, gross motor and social-emotional by 20% compared with the children in the control group (p\<0.05).

2.  Decrease the prevalence of anaemia in children by 20% compared with the baseline measurement.

    a.  Children in the intervention group will experience a greater reduction in the prevalence of anaemia than children in the control group (p\<0.05).

3.  Decrease the prevalence of chronic malnutrition in children by 15%, compared with the baseline measurement.

    a.  Children in the intervention group will experience a greater reduction in the prevalence of chronic malnutrition than children in the control group (p\<0.05).

Secondary outcomes {#s3-3}
------------------

The secondary outcomes of the intervention include indicators of behaviour change by CHA and caregivers that have established causal connections with improved health and child development. The intervention is expected to achieve the following secondary outcomes:

1.  The caregivers of the intervention group will improve knowledge evaluation scores by 50% compared with the baseline measurement.

2.  CHAs in the intervention group will improve their performance evaluation scores by 50% compared with the baseline measurement.

3.  More than 50% of the CHAs in the intervention group will express improved satisfaction and self-efficacy when compared with the baseline data.

4.  The caregivers of the intervention group will use the local health services for children\'s health more frequently than they did before baseline.

Methods {#s4}
=======

Study design {#s4-1}
------------

The impact will be evaluated through an experimental cluster randomised controlled trial. Each cluster represents a CHA because the children that receive visits from the same CHA must receive the same intervention. Each cluster will be matched with a second cluster using covariate-constrained randomisation.[@R43] Recruitment and baseline surveys will be conducted before allocation to the intervention or control group for each cluster. The variables that will be used to covariate-constrained randomisation include: the size of the community, type of health facility in the community, distance to the nearest health centre (level I-2) and prevalence of anaemia. For each cluster pair, one cluster will be randomly assigned to the intervention group and the other to the control group. The covariate-constrained randomisation will be conducted with an open-sourced algorithm and the program, R.[@R44]

Location {#s4-2}
--------

The study will be implemented in the Amazon region of Peru. The study will be carried out in the department of Loreto, province of Maynas, and districts of Mazan, Punchana and Indiana. The district of Mazan has a population of 13 779,[@R45] a prevalence of chronic malnutrition of 24.4% and a prevalence of anaemia at 39.1%, in 2017.[@R46] The capital of the district of Mazan is located approximately 1-1/2 hours by boat from the capitol city of the province, Iquitos. The district of Punchana has a population of 91 128,[@R45] a prevalence of chronic malnutrition of 22.7% and a prevalence of anaemia of 39.9%.[@R46] The capital of Punchana, is 20 min from the city of Iquitos. The district of Indiana has a population of 11 301,[@R45] a prevalence of chronic malnutrition of 22.4% and a prevalence of anaemia at 46.7%, in 2017.[@R46] The capital of the district of Indiana is 1.5 hours by boat from the city of Iquitos.

The research team, with the support of the Regional Ministry of Health of Loreto, will choose the communities that will be included in the study after travelling to the communities to ensure they meet the selection criteria. The study communities must have the following characteristics:

-   Has an active CHA that visits families in their community.

-   Is not a participant in another health related study.

-   Is located less than 6 hours from Iquitos.

-   Has at least 25 families and a maximum of 1500 families.

The communities must have an active CHA programme for the study because we are measuring the impact of included the mHealth tool in existing CHA programme. The community cannot be participating in another study that includes an intervention that was/will be implemented due to the confounding variables that would created in our study and the other study. The communities must be less than 6 hours from Iquitos due to budgetary restraints that hinder the research team's ability to consistently travel six or more hours to execute the study. The size limitation of the community is required to ensure the study obtains the minimum number of children to power the study with the limited number of tablets.

Participants and sample size {#s4-3}
----------------------------

The study population includes:

-   10--14 communities, half in the intervention group and half in the control group.

-   40--50 CHAs, half CHAs in the intervention group and half CHAs in the control group.

-   400--450 children, half in the intervention group and half in the control group.

All children between 0 and 36 months in the communities will receive visits from a CHA, in the intervention and control groups. However, only the CHAs in the intervention group will receive a tablet with the application to assist their home visits. All the children in the intervention group will have the opportunity to receive the intervention with the tablet.

To assess the impact of the intervention, a sample of the population will be chosen at random to receive the evaluation. The inclusion criteria for the study sample are the following:

-   Children who belong to one of the communities included in the study, aged 6--36 months.

-   Primary caregiver of the child is older than 15 years.

-   The caregiver is willing to receive visits from the CHA.

The minimum age of the child to be included in the impact evaluation is determined by the quality of the early childhood development tool. Assessment of child development is more accurate with children older than 5 months.[@R47] The maximum age of the children for the study is determined by the CHA programme which limits home visits by CHAs to children up to 36 months old. The minimum age of the caregiver is 16 because that is the age determined by the communities and the local ethics committee to be capable of giving an informed consent. It is important to capture information from mothers below 18 years of age because 39% of the mothers in the region have their first child before the age of 17.[@R4] Caregivers who do not want to receive visits from CHAs will be excluded because they will not receive the intervention, nor be included in the control group.

The exclusion criteria for the study sample are:

-   Families where the main caregiver or the child does not speak Spanish.

-   Families that do not want to receive home visits from CHAs.

-   Children with mental or physical disabilities.

Families that do not speak Spanish cannot be included because the study does not have appropriate translators for indigenous languages. Children with disabilities will be excluded in the evaluation because the child development evaluation tool is not equipped to evaluate children with these conditions. However, children with disabilities will still receive the intervention.

The sample size for the evaluation is calculated to measure the effect size on the primary outcome indicator, child development. A study in the Amazon region of Peru (2017) determined that the SD of communication scores, determined by the Ages and Stages Questionnaire, was 15.19.[@R4] The current study predicts a 20% increase in child development scores which will result in an effect size of 0.49 (average communication score was 37.48, a 20% increase is 44.98, 0.49 SD) (data available in public repository).[@R4] To calculate the minimal sample size needed, the following parameters were determined:

-   Two-sided significance level: 0.05.

-   Power: 90%.

-   Effect size: 0.49.

-   Average cluster Size: 9.

-   Intracluster correlation (ICC): 0.15.

-   Variance inflation factor (VIF): 2.2.

The following calculation is used to determine the sample size:

$$Npergroup = \frac{\lbrack(Z_{alpha} + Z_{beta})^{2} \times 2 \times SD^{2}\rbrack}{Expt^{\prime}ddiff^{2}} = \frac{(1.96 + 1.28^{2}) \times 2 \times 15.19^{2}}{(15.19 \times .49)^{2}}$$

The sample size per group (t-test) with no clusters would be 88. To control for the ICC, the per group sample size (88) is multiplied by the VIF (VIF=1+(average cluster size--1)\*ICC=2.2) to determine the minimal sample size to be 193 per group.[@R48] The study will include 21 clusters, and nine children and caregivers per cluster.

Instruments {#s4-4}
-----------

To measure the impact of the intervention and understand the perspective of the users, a series of instruments will be applied to the study participants. The instruments include evaluation of child development, attitudes and practices questionnaire, knowledge evaluation, performance evaluation of CHAs, and collection of anaemia and anthropometric indicators. Qualitative surveys will also be used to evaluate the satisfaction of CHAs and caregivers in relation to the intervention.

The questionnaires and evaluations will be carried out in the homes of the participants. The researcher will ask if a caregiver of a child within the age range is in the home, if so, they will explain the study and ask the caregiver if they want to participant and are willing to sign the informed consent. The researcher will record the responses of the questionnaires and evaluation on a smart phone or electronic tablet.

### Evaluation of child development {#s4-4-1}

Child development can be effectively evaluated with an instrument that utilises caregiver-reported data to assess the ability of the child to perform age-relevant developmental activities.[@R47] The current study will use the Caregiver-Reported Early Development Instrument (CREDI) to evaluate child development.[@R53] The CREDI has been validated as an effective instrument to evaluate child development, including low-resource settings in 17 countries.[@R54] The CREDI is effective for large-scale, population-wide studies because it requires less time, materials and evaluator expertise than other similar instruments.[@R53]

The CREDI is conducted by asking the caregiver if the child is currently capable of completing a list of age-appropriate activities, in which the caregiver can respond by indicating; yes, no or I don't know. The CREDI will provide a developmental score and a classification that represents the child's development trajectory. These classifications will be used as the primary dependent variables of the study.

### Attitudes and Practices Questionnaire {#s4-4-2}

The study will use a quantitative questionnaire to measure the attitudes and practices of caregivers that influence maternal and child health. The following topics are included in the questionnaire: demographic information, safe pregnancy practices, feeding practices, prevention of illnesses, early childhood stimulation and use of local health services. The questionnaire will be conducted with all caregivers of the children included in the study. The questionnaire will take approximately 10 min.

### Knowledge evaluation {#s4-4-3}

To assess the knowledge of healthy child-rearing practices by the caregiver, an instrument was created based on the literature.[@R13] The knowledge evaluation asks the caregiver questions regarding maternal and child health, nutrition, sanitation and infectious diseases. The questions are open-ended to give the caregiver the opportunity to provide multiple answers that display their knowledge of the topic.

The knowledge evaluation will take place directly after the Attitudes and Practices Questionnaire. The knowledge evaluation will be scored by giving the participant one point for every correct answer they provide. The correct answers will be added together to provide a total 'Knowledge Score' for the caregiver.

### Performance evaluation of CHAs {#s4-4-4}

The performance evaluation of CHAs was based on an instrument built by the University of West Indies and the Inter-American Development Bank to measure the quality of home visits by CHAs.[@R14] The performance evaluation includes questions related to the use of materials, activities, promotion of child development, relationship between CHA and caregivers, and relationships between the CHA and the child. The performance evaluation was modified and validated during a previous study in the Amazon region within the local CHA programme. The instrument provides further focus on health messages provided by the CHA and the needs of the communities in the Amazon.[@R29]

To conduct the performance evaluation, the researcher will accompany the CHA on their home visit with a child to observe the home visit. The researcher will observe the home visit in silence, trying not to influence the dynamic of the visit. The researcher will take notes during the visit and complete the performance evaluation immediately after the conclusion of the home visit.

### Survey of the use of local health services {#s4-4-5}

The research team will survey the local health centres in the communities to obtain statistics regarding the use of health services related to maternal and child health, including child growth monitoring check-ups, prenatal check-ups, immunisation coverage, distribution of micronutrient supplements, distribution of antiparasitic medicine and distribution of oral rehydration salts for diarrhoea. The survey will be conducted with the nurse that conducts maternal and child health evaluations at the health centre. The survey will take approximately 15 min and can be filled out independently by the health post representative.

### Survey of child health indicators {#s4-4-6}

The Child Health Education and Surveillance Tool (CHEST) application will be used to collect child health indicators by CHAs during their home visits. The children have a card with information that was recorded during their growth monitoring check-ups at the local health centre, including height, weight, age, vaccines and haemoglobin levels (when tested). The CHA will observe the information written on the card and record it with the application. The CHA will also ask additional questions regarding the health of the child, including incidences of diarrhoea, cough, fever, malaria and other illness. The data from the application will be uploaded to the secured server when the CHA or supervisor has access to the cellular network.

### Questionnaire on Satisfaction and Self-Efficacy of CHAs {#s4-4-7}

The Questionnaire on Satisfaction and Self-Efficacy of CHAs will be used to measure the degree of satisfaction and self-efficacy the CHAs have from using the CHEST application during their home visits. The questions are both quantitative and qualitative. The CHAs will have the opportunity to describe how the experience with the tablet could be improved.

### Questionnaire on Satisfaction of Caregiver {#s4-4-8}

The Questionnaire on Satisfaction of Caregivers will be used to measure the degree of satisfaction of the caregivers that received the intervention. The questions are both quantitative and qualitative. The caregivers will have the opportunity to describe what they like and don't like about the use of a tablet during the home visits.

Patient and public involvement {#s4-5}
------------------------------

The study was created through formative research done in the same communities to identify their needs and desires related to improving child health and development. A performance evaluation study was conducted with the CHAs in the region by the author.[@R29] In the study, the CHAs and caregivers expressed their need and desire for more information regarding topics of health and child development. The current intervention was created to address those needs.

The results of the study will be presented to the participants, including the CHAs, caregivers, health facility personal and Regional Ministry of Health in the form of a study brief that indicates the results of each indicator collected. The results will be presented to the public via publication of results in an international scientific journal.

Patients were not involved in the design or recruitment of the study.

Intervention {#s5}
============

The intervention includes the development and implementation of a tablet-based application (CHEST) to improve the performance of the CHAs during their home visits. The CHAs will use the CHEST application during their home visits to teach caregivers good health practices and early childhood stimulation. The application will provide the steps for the CHA to follow to conduct an effective home visit. The application will include videos and images to show the caregiver to transmit key health messages. Also, the application will organise the case load of children of the CHA and will provide a mechanism to record maternal and child health indicators.

The intervention is described in the following five phases:

Phase 1: preparation of material {#s5-1}
--------------------------------

### Step-by-step agendas for home visits {#s5-1-1}

The research team will work with the Regional Ministry of Health of Loreto to build agendas for home visits by the CHAs. The health messages for the home visits are based on national and international manuals for home visits by CHAs to teach maternal and child health and development.[@R58] The agendas include steps to follow by the CHA to provide a quality home visit and collect child health indicators. The messages included in the agendas include; what nutritious foods should be consumed by children, how to avoid diarrhoea and other diseases, good practices of early attention and use of health services. There will be one agenda for each month of age of the child (1--36 months).

### Multimedia material {#s5-1-2}

The research team will generate multimedia material to be used in the application to transmit health messages. The content will be designed to convey the health messages clearly within the local culture in the Amazon. The material will include videos of people from the region acting out health topics, instructional videos on early childhood stimulation and animations that describes health issues. In addition, the application will include educational images that have been developed by the regional Ministry of Health of Loreto and other institutions.

Phase 2: development of the application {#s5-2}
---------------------------------------

The research team will evaluate the mHealth applications that have been developed and are open source to determine which will be best to adapt for the current project. The project will contract a team of programme developers to modify the open source application to fit the current objectives and local context. The programme developer will include the agendas, multimedia and data collection mechanisms in the application. The application will function without internet signal and protect all information by password.

Phase 3: baseline data collection {#s5-3}
---------------------------------

The research team will conduct the surveys and evaluations in the intervention and control communities to obtain a baseline for the study. The instruments that will be applied for the baseline survey include the *Child Development Evaluation, Attitudes and Practices Questionnaire, Knowledge Evaluation, Performance Evaluation of CHA and Survey on the Use of Health Services*. The baseline survey will be completed before implementation begins in the intervention and control communities.

Phase 4: implementation of intervention {#s5-4}
---------------------------------------

### Training workshops {#s5-4-1}

The research team will conduct training workshops with the CHAs in the intervention group to teach them how to use the tablet and application. The workshops will occur during a period of 3 days, 4 hours per day. The leaders of the health facility and Regional Ministry of Health of Loreto will be invited to participate in the workshops and in the supervision of the development of the project.

### Distribution of tablets {#s5-4-2}

After the training workshops, the research team will give a tablet to each CHA in the intervention communities. The CHAs will be instructed to bring the tablet to local health centre if they are having problems with the tablet or to store the tablet in their home until a member of the monitoring team visits their community. A supervisor of the CHA programme will visit the CHAs to ensure the app is being used and functioning correctly.

### Intervention {#s5-4-3}

The CHAs will continue to conduct home visits with the children in their caseload the same as before the distribution of the tablets. The only change is that the CHAs will use the tablets during the home visits. The number of home visits depends on the demands placed by the community and the motivation of the individual CHA. The CHAs in the communities typically conduct 1--4 home visits per month with children aged 0--36 months. The CHAs are instructed to teach the caregivers good sanitation, nutrition and child development practices.

The CHAs will use the tablet-based app to visualise the health indicators of the children in their caseload, record health indicators of the child during each visit, observe and share images and videos that will help teach health and development messaging, and send data to a central database. The app will guide the CHA through each step of the home visit. The supervisor of the CHA programme will visit the CHAs to ensure they can upload their data to the database. This include, in some cases, carrying the tablet to a community that has signal to upload the data.

### Monitoring {#s5-4-4}

The research team will supervise the work of the CHAs through observations of their home visits and interviews with families and CHAs in the communities. The research team will visit the communities every month during the first 4 months, and less frequently when they see that the programme is working as it should.

The team will also track activities of the CHAs through the data uploaded by the application. They will be able to track the number of visits being conducted and the health indicators of the children. If the tablet is not uploading data to the survey, the research team will visit the community to identify the problem.

The local health facility will also have access to the data and will be able to identify if a child is at risk of chronic malnutrition, chronic diarrhoea and/or is not attending growth monitoring check-ups.

Phase 5: evaluation of the intervention {#s5-5}
---------------------------------------

At the end of the intervention, the follow-up survey will be carried out in the intervention and control communities. The instruments included in the follow-up survey include the *Evaluation of Child Development, Attitudes and Practices Questionnaire, Knowledge Test, Performance Evaluation of CHA, Survey of Use of Health Services, Questionnaire on Satisfaction and Self-Efficacy of CHA* and *Questionnaire on Satisfaction of Caregivers*.

The data gathered by the application will be used to evaluate the child heath indicators and the number of home visits conducted.

Data analysis {#s6}
=============

The quantitative data obtained in the surveys will be organised and analysed with the statistical software, Epi Info V.7.1.4.0.[@R62] The qualitative data will be organised and analysed with the program Atlas.ti.[@R63] To carry out the impact analysis, four mathematical models will be used to interpret the results, generating an optimal analysis to understand the interactions between the variables. The analysis will be conducted on the dependent variable to test the primary outcome, as well as the intermediary variables to test the secondary outcomes and measure the mediating effect of those variables. First, a descriptive analysis will be performed to compare indicators between the analysis groups, including average and frequencies of the independent and dependent variables. Second, a bivariate analysis with χ^2^ test will be done to examine the associations between the independent and the dependent variables. Third, a multivariate regression analysis will be used to examine the interactions between the independent variables and the dependent variables. Fourth, an analysis of covariance regression method will be used to calculate the impact of the intervention.[@R43]

Data monitoring {#s6-1}
---------------

Data monitoring will be completed by the data monitoring committee to ensure non-biased handling and analysis of data obtained from baseline, monitoring and follow-survey. The data monitoring committee will be made up of the team of experts that will be hired to create the content of the intervention and mentors that guided the research team. The data monitoring committee will each guard files of data at different time points so they can later be cross-referenced to ensure consistency. The data monitoring committee will not include permanent members of the sponsor organisation or associates of the funding organisation or anyone with competing interest or incentive for the intervention to be successful.

Data security {#s6-2}
-------------

All data will be stored in a secure encrypted server that is protected by password. All identifiable information in the data set will be deleted to make it impossible to link the data with the individual. Data obtained during follow-up does not need to be connected with individual cases from the baseline, therefore, identifying information does not need to be stored. Information regarding contact information of CHAs will be stored on a secure server. Members of the data monitoring committee will ensure all identifiable information has been removed from the data set.

Ethics and dissemination {#s7}
========================

The investigation will include only those individuals who are willing and able to give their consent to be included in the study. The participant must be able to understand the information presented to them and voluntarily express their choice of whether they want to participate or not. The caregivers must be over 15 years of age to participate in the study.

It will be clearly stated that participation in the study will not compromise the health of the participants or violate any rights of the child. There will be no financial compensation for participation in the study. No biological samples will be collected, nor any medical or pharmacological treatments delivered in the research process. There are no possible adverse effects associated with participation in the study. There is the possibility of generating discomfort in the participants because the visits and surveys imply an investment of time. Given this, participants will be informed about the amount of time involved for their participation in the survey before signing the informed consent.

After completion of the child-development evaluation, the results will be immediately shared with the caretaker along with recommendations of early childhood stimulation activities that could benefit the child. Likewise, the results of the evaluations will be communicated to the health centre of the community with a copy of a list of the children who are at risk of developmental delay. The child development evaluation represents a direct benefit to the participants in the intervention and control groups.

The research team will monitor the intervention for at least 12 months to ensure the CHAs receive support, and the tablets receive maintenance or are replaced if need. The CHAs can opt out of the intervention at any time, thus returning to their traditional methods of reporting and health promotion. After 12 months, the programme will be handed over to the municipality and they will continue to receive support as needed. The municipality has been active in the design of the material for the intervention and will be active in the monitoring and evaluation efforts. The municipality members will be trained in how to manage and sustain the programme.

The results obtained from the study will be made publicly accessible through the publication of findings in an international peer-reviewed journal and a report will be delivered to the local health authorities. The dataset will available in a public data repository.

Informed consent for caregivers {#s7-1}
-------------------------------

The informed consent for caregivers includes the description of the study, the participation of the caregiver, the participation of the child and the amount of time required to complete the survey. The interviewer that conducts the questionnaires will ask for consent from the caregiver. If the caregiver agrees to participate in the study, they will be asked to sign the informed consent form. The caregiver will be provided a copy of the consent.

Informed consent for CHA {#s7-2}
------------------------

The informed consent for CHAs includes a description of the study and the performance evaluation that will be conducted with the CHA. The interviewer who conducts the questionnaires will ask for consent from the CHA. If the CHA agrees to participate in the study, they will be asked to sign the informed consent for CHAs. The CHA will be offered a copy of the consent.

Consent to publish {#s7-3}
------------------

There will be no identifying images, personal details or clinical details of participants presented that will compromise the anonymity of the participants in the study.

Conclusions {#s8}
===========

The results of the study will provide evidence on the potential of a mHealth tool to improve child health and development indicators in the region. The process evaluation with qualitative assessments will also be conducted to identify barriers, strengths and weaknesses of the programme.

Chronology {#s9}
==========

The study will last 24 months, beginning in October 2018 and ending in September 2020. The schedule of activities can be found in [table 1](#T1){ref-type="table"}.

###### 

Schedule of activities

  Activity                             Oct   Nov   Dec   Jan 2019   Feb   Mar   Apr   May   June   July--August   Sep--Dec   Jan--April 2020   May--Aug
  ------------------------------------ ----- ----- ----- ---------- ----- ----- ----- ----- ------ -------------- ---------- ----------------- ----------
  Complete ethics committee protocol                                                                                                           
  Develop home visit agendas                                                                                                                   
  Validate home visit material                                                                                                                 
  Create videos                                                                                                                                
  Develop application                                                                                                                          
  Validate application                                                                                                                         
  Recruit participants                                                                                                                         
  Baseline Survey                                                                                                                              
  Train CHAs                                                                                                                                   
  Deploy app                                                                                                                                   
  Monitoring                                                                                                                                   
  Final evaluation                                                                                                                             
  End of project                                                                                                                               

CHA, community health agent.

Flow diagram schedule of activities {#s9-1}
-----------------------------------

The flow diagram in [table 2](#T2){ref-type="table"} describes when intervention allocation and assessments of the study population will take place, in relation to the study activities.

###### 

Flow diagram

  Timepoint                                                Study period                                                      
  -------------------------------------------------------- -------------- --- ------------------------------------------ --- ---
  **Enrolment:**                                                                                                             
  Eligibility screen of inclusion and exclusion criteria   X                                                                 
  Informed consent                                         X                                                                 
  Allocation                                                              X                                                  
  **Interventions**                                                                                                          
  Distribution of tablet                                                      ![](bmjopen-2018-028361ilf01.jpg){#img1}       
  Control group                                                               ![](bmjopen-2018-028361ilf02.jpg){#img2}       
  **A** **ssessments**                                                                                                       
  Child development evaluation                             X                                                                 X
  Performance evaluation                                   X                                                                 X
  Knowledge, Attitudes and Practices Survey                X                                                                 X
  Monitoring of community health agents                                   X   X                                          X   

Communication of trial results {#s9-2}
------------------------------

The results of the study will be presented to the participants, including the CHAs, caregivers, health facility personal and Regional Ministry of Health in the form of a study brief that indicates the results of each indicator collected. The study brief will be written and described in a manner that is intelligible for the target population. The CHAs will be asked to distribute the brief and describe the findings to the individual families in their caseload. The results will be presented to the public via publication of results in an international scientific journal. The research team will also seek opportunities to present the results in national and international conferences to disseminate findings.
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